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XLI. A Method of findings by the Help of Sir lh.zc New- 
ton's binomial Tbeorem^ a near Value of the very Jlowly-- 

XX X x^ x^ 

converging infinite Series a;+ ^ + r + 7 "*" 'Z'^^^-'t^hen 
, X is very nearly equal to 1. By Francis Maferes, EJq. 
F. R. S. Curfitor Baron of the Exchequer. 
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ARTICLE I. 



TF the capital letters a, b, c, d, e^ &:c. be put for the 
-*■ numeral co-efficients of the powers of x in the faid 
feries, fo that a Ihall be = 1, B = y, c=j, d=:»:, e=|, 
and fo on, we Ihall have b = | x a, c = j x b, d = | x c, 
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XX X X X 

E = I X B, &€• and the feries at + --- + - + -- + -r+8cc will 
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be=:x +|AA;^ + |-BA;^ + fc:v^ + |DA;^ + |EA;^+yFA;^+|GA;^ 
+ &:c, ; in which feries the fractions , j, j, |-, |, |, -, |, &:c. 
which generate the co-efficients of the po^ ers of x in 
the feveral terms after the firft term x^ are derived from 
each other by the continual addition of i to both their 

numerators and their denominators* 

a. This 
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2. This obfervation fuggefts to us a method of finding 
a near value of the fum of this feries by the help of Sir 
ISAAC Newton's binomial theorem, which may be ex* 
plained as follows. 

If m and n reprefent any two whole numbers, the re- 
ciprocal of the -th power of the binomial quantity i-at, 
or, according to Sir isaac newton's notation of powers, 



— w 



the quantity i-xl «, will , according to that celebrated 
theorem, be equal to the infinite feries 

m 

I + - X a; 

n 

j^ ^ X X XX + - X X X X^ 

n 2« n in ^n 

+ - X X -— — X ~~ X X"^ 

n 2« 3M 4« 

+ - + f±.% ^±^ X ^±i2 X 21±±" X .r5 + &:c. 

n in 3« 4« 5« 

or I +- A^+^BXX + -^C^' + ^ D^^+ — - %x^ 

+ "Lpl ^x' + ^^" Gx' +"-^Hx' + &c. ; in which feries 

on 7« on 

the capital letters a, b, c, d, e, f, g, h, &:c* ftand for i 
and the co-efficients of Xy xx^ x\ at^ x^, x\ x\ x% &c. 

Now it i3 evident, that the generating fraaions -^> 

1±21y ^i±if, ^!±i!!, '"Jtlly !^±^, ^±1% &c. are de- 

3« 4» 5« 6n "jfi 8« 

rived from ^ and from each other by the continual 

« 

addition of n to both their numerators and denomi- 
nators. Therefore, though they are greater than they 
would be if t;^ was fubtra<5ted from the numerator 

of 



j^* X* A:* X' 
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of each of them, that is, than the fractions — > -^ — > ^i 

2« 31 4« 5« 

|^> — ? |?> &€. and confequently, than the fra6lions j, |, 
|, |, |, y, |, Sec. which are refpe£tively equal to ~> -^ 

$ y iiy |«, , |~r See. Yet, the further we go in the feries, 

the lefs is the proportion in which they exceed the latter 
fraaions; infomuch that, if we go far enough in the 
feries, we may find terms in it whofe proportion to the 
correfponding terms in the feries |, -, f, f , |, -, }, 8^c* 
fliall approach as near as we pleafe to a proportion of 
equality. And, by taking n of a very great magnitude 
in comparifon of m, we may even make the firft terms 

^ - ^ . m-\-n w + 2« m-i-'Zn m-^-An w+cn mi-Gn m-^ln 

of the fenes > » - — ^> — : — > ~~i., —- — j -~~ — , 

WA v**v^ xw**v.v* ^^ ^^ ^^ ^^ ^^ ^^^ ^^^ 

&c. approach very nearly to an equality with the cor- 
refponding terms of the feries j, 3, |, |, |, |, |, &:c. which 
are the generating fraAions of the propofed feries 

x^'^f ^fL + 1. ^ ± + L + ± + 5.4. g^c. In order to this, 

let m be taken = i, and n =1,000,000,000,000, that is, 
rr a billion, or the fquare of a million, which, to avoid 
the frequent repetition of fo many cyphers, we willcall^* 



Then will i^ x,ooo,ooo,ooo,ooo , ^^ ^s^ ^^or— ^,be 



l-^xir- 
if 



v '"^ F^^ + ^'^^Gx'^ + ^-^ H x^ + &:c. which, on account of 
Vol. LXVIII. sT the 
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the great magnitude of b^ 2^, 3/^, 4^, 5^, 63, 7^5, &c. ia 
comparifon of 1, will be almofl: equal to (though fome- 

what greater than) I + i aa;+ -^BATiT+^^CAr^-f ^DAr^'^-h ~^e:v^ 

4-^FA; 4-~^G.Y^+ Sl^^'^ ' &C. or 1 + jAX^^-BXX ^^CX^-¥ 

l-D.r'^-f JE.v^ + |.F.r^ 4-|ga:'^ + |ha;^ + &c, or i-f j xi^'^^' 

+ ~X ^ X I XXX + ~X^X J X IxA;^+|x jXyX I X I X AT'^^ SCC.^ 

or 1+ l^r+l xyAtat+jx |xa;H ^x^x'^a- 2>ic. or 1 + j- + j^ 

^i^ "^ i "^ i^ "^ & "^ 7^ "^ lj "^^^- Therefore, multiplyiipg 
both fides by 3, we fliallhave b x --^ nearly == 3 + a; + — 

4.^^.^^.±.a.^ + f-4. ±.,^g^^ J and, fubtrading b from 

both fides, .v+^ 4-^ + -^-i-"^ + 4- + -^ + 4-+ &:c, nearly 
^ 2345^678 ^ 



_~ — . 
n 3 X — ^ -b^bx r-z'\j "~ ^ ; tl^^t is^ ^^^^ propofed feries 



O 

iCX x^ x^ x^ 



^+T + T"^~"*"T + ^c* ^^^^ ^^ nearly equal to 

** 3 4 5 



^ X --^ z — ^- W'e muft therefore firft fubtra£l x from 
I, and then divide i by the remainder, which will give 
us a quotient equal to -3- • And, having found 

this quotient, we muft extract its 3th, or 
1, 000,000,000,000th, root, and multiply the faid root 
by 3, or 1,000,000,000,000; and, laftly, from the pro- 
dud we muft fubtrait 3, or 1,000,000,000,000: and 

the 
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the remainder thereby obtained will be nearly equal to 
the propofed infinite feries Ar+-- + -:7 + -7 + T "^ 6 "*" ? "*" 

-^-;^ example of the foregoing method offumming the f aid 

infinite feries. 

3. As an example of this method of finding the value 

of the feries ^ + ~ + ^ + — + ^ + T + Sec. let us fup- 

23450 ^ 

pofe X to be equal to ■^■^. 

T.en we... have .-.= .-,, = .., a„d^=.o. 

Now, fince the logarithm of i o in briggs's Syftem of loga- 
rithms is I, the logarithm of the 1,000, 000,000,000th 
root of 10 muft be the i,ooo,ooo,ooo,oooth part of 1, 
or muft be = .000,000,000,001. This logarithm is 
too fmall to be found in the common tables of loga- 
rithms, which go only to feven places of figures ; and 
therefore .the number correfponding to it, that is, the 
1,000,000,0005000th root of 10, cannot be found by 
the help of thofe tables; but it may be found in the 
manner following. The 1,000,000, 000, oooth root of 
10 is a number that is fomewhat, and biit a very little, 
greater than i . That number, therefore, and i will repre- 
fent two ordinates to the a}iis,or afymptote, of a logarithm 
mick curve that are very nearly contiguous to each other: 
whence it follows, that the fub-tangent of the cxirve will 

5 T 2 bear 
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bear very nearly the fame proportion to the leffgr ordinate 
T , as the abfcifs of the axis intercepted between the twoor- 
dinates, that is, as the logarithm of the ratio of the greater 
ordinate to the lefferjor the logarithm. 000,000, 000,00 1, 
bears to the difference of the faid ordinates. Say there- 
fore, as .434,294,481,9 (which is the fub-tangent of 
the logarithmick curve in briggs's Syftem of Loga- 
rithms) is to I (or the lefler of the two ordinates) fo is 
.000,000,000,001 to a fourth number, which will be 
.000,000,000,002,302,585,093; and this fourth 
number will be the excefs of the greater of the faid 
two ordinates above the leffer, or of the billionth root 
of 10 above i. Therefore the billionth root of lo 
will be = 1.000,000,000,002,302,585,093; which, 
being multiplied by 1,000,000,000,000, will be = 
1,000,000,000,002.302,585,093; from which if 
we fubtrait 1,000,000,000,000, the remainder will be 
2.302,585,093. Therefore 2.302,585,093 is nearly 

equal to the infinite feries a; + '*^'*^ + — + — + ^ + 4"+-^ 
+ &c. when a; is = -5^. q. e. i. 

4. This number 2^.302,585,093 gives the value of 

the leries -^ + -7 + j + ~ + y + &c. exadl to mne places 
of figures, the error being only in the loth figure 3, 
which ought to be a 2 inftead of a 3, the more accurate 
value of that feries (which is equal to the logarithm of 
4 the 
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the ratio of i to i -a; in napier's Syftem of Logarithms, 
that is, in the prefent example, to the logarithm of the 
ratio of i to 7^, or of 10 to i, or to napier's logarithm 
of 10) being 2.302,585,092,994,04. 

5. I believe that fimilar applications of the binomial 
theorem maybe made for the fiimmation of other flowly- 
converging infinite feriefes, whenever the generating 
fradlions (by the multiplication of which the numeral 
co-efficients of the terms of fuch feriefes are produced 
from each other) are formed by the addition of a given 
number to both their numerators and denominators* In 
our endeavours, therefore, to fum fuch feriefes it will be 
proper to attend to the law of the faid generating frac?^ 
tions* 




